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( rutile-TiO, T104942) Aladdin ; SOD ELISA
; Total RNA ( TRI Reagent Solution) . ( RevertAid First Strand ¢cDNA Syn—
thesis Kit) ( SYBR™ Select Master Mix) ( ) ( Thermo
Fisher Scientific) ; ( PBS) ( ) ;
( SONICS) JEM 2100( JOEL) SpectraMax M2
( Molecular Devices) ( Bio-Rad) PCR ( ABI) .
( Danio rerio) ( ) (2.54 £0.26) cm
(0.51 £0.03) g 3 PP/
48 h (26 £0.5) C pH7.0 ~7.3 (8.23 +
0.08) mg*L™". 14 h/10 h( / ); 1 .
1.2 TiO, NPs ( Transmission Electron Microscope TEM)
TiO,  TiO, NPs o 2 ddH,0
100 mg « L™' 20 min( 50 W 40 kHz)
TiO, TiO, NPs
o SpectraMax M2
200 ~600 nm TiO, NPs (10 50 100 mg * L.7") o
1.3 TiO, NPs TiO, NPs
10 50 100 mg * L~' TiO,( 100 mg * L") o
5L ( ) / 14 h/10 ho 10 d
o 6 1
N 3 o PBS N o 12 000 x g
30 min -80 C o SOD o 3 .
1.4 3 SOD ELISA N 3 SOD o
ELISA o 40 pL 10 pL
; 37 C 30 min 50 uL 50 uL 37 C 10
min 50 pL o 450 nm N 3
SOD SOD o
1.5 3 sod sod NCBI( NM_131294) sod
Primer 5.0 PCR (1 B-actin.
3 ( N ) Total RNA
RNA cDNA o Q-
PCR 3 sod . Q-PCR SYBR Green 3
PCR 2 AACt
1 B-
Tab.1 Primer sequence of sod and B-actin genes
Gene name Forwand Primer( 5 - 3°) Reverse primer(5” —3)
Cu/Zn-sod CAAGAGGGTGAAAAGAAGCCA GGTCACATTACCCAGGTCTCC
B-actin CACAGTGCTGTCTGGAGGTAC CATTTAAGGTGGCAACAGTTC
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2 PCR
Tab.2 Reaction condition of Q-PCR

95 C 1 min
40 95 °C 15 s—58 C 20 s—72 C 20 s
72 °C 5 min
72 C—-95 C 20 s 1C

1.6 + ( Mean = SD) GraphPad Prism 6.0
o ( one-way ANOVA)
t . P <0.05 P <0.01 . QPCR

AACt sod mRNA B-
actin o
2
2.1 TiO, NPs 1 TiO,( A)  TiO, NPs(B) TEM o

TiO, 150 ~200 nm TiO, NPs 25 ~50 nm TiO, NPs( 25 nm) .
TiO, NPs 24 h TiO, NPs o TEM TiO, NPs

100 ~ 150 nm.,

1 TiO,  TiO, NPs
A. TiO,; B. TiO, NPs
Fig. 1 TEM Characterization of bulk TiO, and TiO, NPs
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Fig.2 Wavelength scan of TiO; NPs solution
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2.2 3 SOD ELISA TiO, NPs 24 h
24 h o 10d o
10 N 3 SOD o 3
TiO, SOD ; TiO, NPs
SOD 60.3% (P <0.05) 38.2%(P<0.01),
TiO, SOD ; TiO, NPs 3 SOD
58.3% (P <0.001) 38.2%( P <0.001) 26.2% (P <0.001) ,
TiO, NPs SOD (P<0.05)
1.9 .3 SOD SOD
o SOD
o TiO, NPs
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SOD Activity (U-mg™ Pro)
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SOD Activity (U-mg™" Pro)

1.Control ; 2.Ti0, 100 g-L7'; 3.Ti0, NPs 10 g-L7' ; 4.Ti0, NPs 50 g-L7' ; 5.Ti0, NPs 100 g- L~

3 pihn 3 - (EN FIE ) A SOD i 4

A BTFHE C.15 . B means £ SD (n = 3). * 325 525 70 BEAL M L7778 5L 38 9% 5, *(P< 0.05) ,%%(P< 0.01),
sk (Pe 0.001)# 3255 55 B TIO, M I AUH 77 75 525 92 B #(P< 0.05), ##(P< 0.01) #4#( P< 0.001)

Fig.3 SO0D activities in zebrafish three tissues (gill, liver and gut)
A. Gills: B. Livers; C. Guts. Data means = SD (n = 3). * indicates significant difference from the blank control: *(P< 0.05),
#=5( P (0.01), ## 5 (P<0.001); # indicates significant difference as against the bulk Ti0, control: # (P< 0.05), ## (P< 0.01), ### (P<0.001)
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(- )
RNA. RNA ( 4).
28 18 58 o Total
RNA o Total
RNA 3, 28 S
RNA ( Ay /Ango) 2.0 RNA 183
DNA - 55
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3 Q-PCR
sod S : TOZ g4 g 3 6o 20 RNA SRR e ok
NPs 10 d sod T1: 88 ;T2: 1 ;T3 AP
LS (P<o0n Lg Tt A ol TN
(P<0.01) 2.3 (P<0.001), TiO, T1: Gills; T2: Gut; T3: Livers
3 TiO, NPs sod 1.6 (P<0.05) .1.8
(P<0.05) 2.4 (P<0.01) 3.7 (P<0.001) . sod

1.5 (P<0.01).1.7 (P<0.01).2.3 (P<0.001) 1.7
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(P <0.01) . ( TiO, NPs)
sod o
3 3 RNA
Tab.3  Concentration and productivity of RNA obtain from zebrafish three tissues
/mg /ng * pL™' Ao Ao Ay /Ao /ng * mg™!
46.5 76.8 1.920 1.038 1.85 33.0
15.7 118.3 2.958 1.640 1.80 150.7
17.4 1323.9 33.098 16.636 1.99 1521.7
Total RNA
Note: Yield rate means Total weight of total RNA/ sample weight
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Fig.5 Change in the relative expression level of sod gene in zebrafish three tissues

A. Gills; B. Liv

s: C. Guts. Data means + SD (n= 3). * indicates significant difference from the blank control:

# (P<0.05), ## (P<0.01), ### (P<0.001)
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Effects of Titanium Dioxide Nanoparticles on SOD Activity in Zebrafish

ZHANG Zhang' TANG Wenhao' TANG Tianle' *

(1. Institute of Tropical Agriculture and Forestry Hainan University Haikou 570228 China; 2. School of Tropical and

Laboratory Medicine Hainan Medical University Haikou 571199 China)

Abstract: An attempt was made to observe the effect of rutile titanium dioxide nanoparticles ( TiO, NPs) on oxi—
dative damage of zebrafish ( Danio rerio) . Adult zebrafish was exposed to TiO, NPs at the concentrations of 10 50
and 100 mg * L' for 10 days with the exposure to the bulk TiO,( 100 mg * L") as the control. Twenty adult ze—
brafish were treated at each concentration and six fish treated were caught to analyze their changes of superoxide
dismutase ( SOD) activities in the gills livers and guts. The SOD was used as a bimarker and the SOD changes
at the protein and molecular level were analyzed by using the enzyme-inked immunosorbent assay ( ELISA) and
real-time quantitative PCR( Q-PCR) . Results showed that the TiO, NPs decreased the SOD activity in the gill and
liver tissues of zebrafish but had little effect on the SOD activity in the gut tissue. The sod gene expression was
up-regulated by 2 —3 times in the three tissues. It is concluded that long-term exposure of zebrafish to TiO, NPs
can give an impact on the SOD level within the body of zebrafish and cause oxidative damage to gills and livers of
zebrafish.

Keywords: TiO, NPs; zebrafish; superoxide dismutase; enzyme-inked immunosorbent assay; real4ime quantita—

tive PCR



